Near a black hole, differential rotation of a magnetized accretion disk is thought to produce an instability that amplifies weak magnetic fields, driving accretion and outflow. These magnetic fields would naturally give rise to the observed synchrotron emission in galaxy cores and to the formation of relativistic jets, but no observations to date have been able to resolve the expected horizon-scale magnetic-field structure. We report interferometric observations at 1.3-millimeter wavelength that spatially resolve the linearly polarized emission from the Galactic Center supermassive black hole, Sagittarius A*. We have found evidence for partially ordered magnetic fields near the event horizon, on scales of~6 Schwarzschild radii, and we have detected and localized the intrahour variability associated with these fields.
S agittarius A* (Sgr A*) emits most of its 10 36 erg/s luminosity at wavelengths just short of 1 mm, resulting in a distinctive "submillimeter bump" in its spectrum (1) . A diversity of models attribute this emission to synchrotron radiation from a population of relativistic thermal electrons in the innermost accretion flow (2) (3) (4) . Such emission is expected to be strongly linearly polarized,~70% in the optically thin limit for a highly ordered magnetic field configuration (5) , with its direction tracing the underlying magnetic field. At 1.3-mm wavelength, models of magnetized accretion flows predict linear polarization fractions >~30% (6) (7) (8) (9) ), yet connected-element interferometers measure only a 5 to 10% polarization fraction for Sgr A* (10, 11) , which is typical for galaxy cores (12) . However, the highest resolutions of these instruments,~0.1 to 1″, are insufficient to resolve the millimeter emission region, and linear polarization is not detected from Sgr A* at the longer wavelengths at which facility very-long-baseline interferometry (VLBI) instruments offer higher resolution (13) . Thus, these low-polarization fractions could indicate any combination of low intrinsic polarization, depolarization from Faraday rotation or opacity, disordered magnetic fields within the turbulent emitting plasma, or ordered magnetic fields with unresolved structure, leading to a low beam-averaged polarization. The higher polarization seen during some near-infrared flares may support the last possibility (14, 15) , but the origin and nature of these flares is poorly understood and may probe a different emitting electron population than is responsible for the energetically dominant submillimeter emission.
To definitively study this environment, we are assembling the Event Horizon Telescope (EHT), a global VLBI array operating at 1.3-mm wavelength. Initial studies with the EHT have spatially resolved the~40 micro-arc sec emission region of Sgr A* (16, 17) , suggesting the potential for polarimetric VLBI with the EHT to resolve its magnetic field structure. For comparison, Sgr A* has a mass of~4.3 × 10 6 M ☉ (M ☉ , solar mass) and lies at a distance of~8 kpc, so its Schwarzschild radius (R Sch = 2GM/c 2 ) is 1.3 × 10 12 cm and subtends 10 micro-arc sec (18, 19) . In March 2013, the EHT observed Sgr A* for five nights using sites in California, Arizona, and Hawaii. In California, we phased together eight antennas from the 1242 4 DECEMBER 2015 • VOL 350 ISSUE 6265 sciencemag.org SCIENCE Combined Array for Research in Millimeter-wave Astronomy (CARMA) to act as a single dualpolarization station, and we separately recorded dual-polarization data from an additional 10.4-m antenna. We also conducted normal observations with CARMA in parallel with the VLBI observations. In Arizona, the 10-m Submillimeter Telescope (SMT) recorded dual polarizations. In Hawaii, seven 6-m dishes of the Submillimeter Array (SMA) were combined into a single-polarization phased array, while the nearby 15-m James Clerk Maxwell Telescope (JCMT) recorded the opposite polarization, forming a single effective dualpolarization station. Each station, except for the CARMA reference antenna, recorded two 512-MHz bands, centered on 229.089 and 229.601 GHz, and circular polarizations.
A linearly polarized signal manifests itself in the cross-hand correlations between stations, hL 1 R * 2 i and hR 1 L * 2 i, where L i denotes left circular polarization and R i denotes right circular polarization at site i, and the asterisk denotes complex conjugation. These correlations are typically much weaker than their parallel-hand counterparts, hR 1 R * 2 i and hL 1 L * 2 i, which measure the total flux. After calibrating for the spurious polarization introduced by instrumental cross-talk (20) , quotients of the cross-hand to parallel-hand correlations on each baseline u joining a pair of stations are sensitive to the fractional linear polarization in the visibility domain: m ⌣ ðuÞ ¼ ½QðuÞ þ i ŨðuÞ=ĨðuÞ.
Here, I, Q, and U are Stokes parameters, and the tilde denotes a spatial Fourier transform relating their sky brightness distributions to interferometric visibilities in accordance with the Van Cittert-Zernike Theorem. m ⌣ provides robust phase information and is insensitive to station gain fluctuations and to scatter-broadening in the interstellar medium (20, 21) . On baselines that are too short to resolve the source, m ⌣ gives the fractional image-averaged polarization. On longer baselines, m ⌣ mixes information about the spatial distribution of polarization with information about the strength and direction of polarization and must be interpreted with care. For instance, one difference from its image-domain analog m = (Q + iU)/I is that jm ⌣ j can be arbitrarily large. Nevertheless, m ⌣ readily provides secure inferences about the intrinsic polarization properties of Sgr A*. Our measurements on long baselines robustly detect linearly polarized structures in Sgr A* oñ 6 R Sch scales (Fig. 1 ). The high (up to~70%) and smoothly varying polarization fractions are an order of magnitude larger than those seen on shorter baselines ( Fig. 2 ), suggesting that we are resolving highly polarized structure within the compact emission region. Measurements on shorter baselines show variations that are tightly correlated with those seen in simultaneous CARMA-only measurements (figs. S4 and S8). This agreement demonstrates that there is negligible contribution to either the polarized or total flux on scales exceeding~30 R Sch , conclusively eliminating dust or other diffuse emission as an important factor (20) . Because CARMA does not resolve polarization structure in Sgr A*, these varia-tions definitively reflect intrahour intrinsic variability associated with compact structures near the black hole.
We emphasize that jm ⌣ ðuÞj e 70% does not imply correspondingly high image polarizations or that we are measuring polarization near a theoretical maximum. Because polarization can have small-scale structure via changes in its direction, disordered polarization throughout a comparatively smooth total emission region will result in long baselines resolving the total flux more heavily than the polarization (20) . As a re-sult, jm ⌣ j can be arbitrarily large, especially in locations near a visibility "null," where Ĩ is close to zero. Although our highest measured polarization fractions occur where Ĩ falls to only 5 to 10% of the zero-baseline flux (Fig. 2) , the rise is slower than expected for completely unresolved polarization structure, showing that the long baselines are partially resolving coherent polarized structures on the scale of~6 R Sch (Fig. 3 ). Because interferometric baselines only resolve structure along their direction and our long baselines are predominantly east-west, these conclusions SCIENCE sciencemag.org The black dashed line and gray shaded region show the average and SD of the CARMA measurements of fractional polarization, respectively. The sharp increase in the polarization fraction and variability on long baselines demonstrates that we are resolving the compact and polarized emission structure on scales of 6 to 8 R Sch . The marked difference in the two polarization products, hR 1 L * 2 i and hL 1 R * 2 i, on equal baselines indicates changes in the polarization direction on these scales (Fig. 1 ).
describe the relative coherence of the polarization field in the east-west direction.
The current data, although too sparse for imaging, provide rich geometrical insights. For instance, if the fractional polarization is constant across the source image, then it will also be constant in the visibility domain. Furthermore, even if the polarization amplitude varies arbitrarily throughout the image, if its direction is constant then the amplitude of the interferometric polarization fraction will be equal for conjugate baselines (20) . Our measurements ( Fig. 1 ) eliminate both of these possibilities and thus detect variation in the polarization direction on event-horizon scales. These arguments also allow us to assess the spatial extent of the polarized emission because the detected polarization variation cannot arise from a region that is much smaller than the diffraction limit of our interferometer. The polarized emission must therefore span an extent comparable with that of the total flux (20) .
The phase of m ⌣ ðuÞ likewise constrains the emission morphology. For example, on a short baseline, the leading-order geometrical contribution to the interferometric phase comes from the image centroid (21) . Thus, just as a decrease in correlated flux with baseline length provides a characteristic angular extent of the emission, a linear change in the phase of m ⌣ ðuÞ with baseline length provides a characteristic angular separation of the polarized and total flux. The close agreement in phase between the two measurements on the short SMT-CARMA baseline establishes that the polarized and unpolarized flux are closely aligned-to within~10 micro-arc sec when the polarization angle of Sgr A* is relatively steady ( fig. S8 ). However, when variability is dominant, we measure much larger offsets, up tõ 100 micro-arc sec, implicating dynamical activity near the black hole. For comparison, the apparent diameter of the innermost stable circular orbit is 6 ffiffiffiffiffiffiffi ffi 3=2 p R Sch ≈ 73 micro-arc sec if the black hole of Sgr A* is not spinning. The tight spatial association of this linear polarization with the 1.3-mm emission region then cements lowaccretion models for Sgr A* (11) , which combined with the measured spectrum in the submillimeter bump and in the near-infrared imply a magnetic field of tens of gauss throughout the emitting plasma (3, 4, 7) .
Even amid magnetically driven instabilities and a turbulent accretion environment, several effects can produce ordered fields near the event horizon. For example, as the orbits of the accreting material around the black hole become circular, magnetic fields will be azimuthally sheared by the differential rotation, resulting in a predominantly toroidal configuration (22) . The high image-averaged polarization associated with the emission region necessitates that such a flow be viewed at high inclination because circular symmetry would cancel the polarization of a disk viewed face-on. The striking difference between the stability of compact structures in the total flux (17) relative to the rapid changes in the polarized structures on similar scales is then most naturally explained via dynamical magnetic field activity through coupled actions of disk rotation and turbulence driven by the magnetorotational instability (MRI) (23) .
Alternatively, accumulation of sufficient magnetic flux near the event horizon may have led to a stable, magnetically dominated inner region, suppressing the disk rotation and the MRI (24) (25) (26) . Emission from a magnetically dominant region provides an attractive explanation for the longterm stability of the circular polarization handedness and the linear polarization direction of Sgr A* (27, 28) , and it has recently received observational support in describing the cores of active galaxies with prominent jets (29) (30) (31) . However, the close alignment of the polarized and total emission (20) severely constrains multicomponent emission models for the quiescent flux, such as a bipolar jet (32) or a coupled jetdisk system (33) . If a jet is present, then this constraint suggests substantial differences between the emitting electron populations in the jet and the accretion flow to ensure the dominance of a single component at 1.3 mm (26, 34) .
With the advent of polarimetric VLBI at 1.3-mm wavelength, we are now resolving the magnetized core of our galaxy's central engine. Our measurements provide direct evidence of ordered magnetic fields in the immediate vicinity of Sgr A*, firmly grounding decades of theoretical work. Despite the extreme compactness of the emission region, we have unambiguously localized the linear polarization to the same region and identified spatial variations in the polarization direction. We also detected intrahour variability and spatially resolved its associated offsets. In the next few years, expansion of the EHT will enable imaging of these magnetic structures and variability studies on the 20-s gravitational time scale (GM/c 3 ) of Sgr A*. sciencemag.org SCIENCE Fig. 3 . Strength and order of the polarization field from 1.3-mm VLBI. (A, B, and C) Example realizations from three models with Gaussian distributions of intensity. Color indicates total flux on a linear scale; ticks indicate polarization amplitude and direction. Each model has a constant polarization fraction but stochastically varying polarization direction with prescribed coherence lengths (0.64, 0.29, and 0.11 times the Gaussian full width at half maximum). The polarization fractions are determined by matching the ensembleaverage zero-baseline polarization to the averaged CARMA measurements. (D) A sample image from a general relativistic magnetohydrodynamic simulation with polarimetric radiative transfer (9) . The image-averaged polarization fraction, weighted by brightness, is 26%. (E) Points with errors (±1s) show the average of VLBI measurements from Fig. 2 after grouping in bins of width 0.05. Dashed orange lines indicate two limiting cases: a uniform polarization field and a highly disordered (unresolved) polarization field. Each is set equal to 5.2% when the normalized visibility is unity so that the zero-baseline polarization matches the average of all CARMA-only measurements. Our data differ from model (A) at a significance exceeding 4s, differ from model (C) by 3.4s, and are compatible with model (B) (20) . The GRMHD simulation (E) also exhibits a balance between order and variation in the polarization field that is compatible with our observations.
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www.sciencemag.org/content/350/6265/1242/suppl/DC1 Supplementary Text Figs. S1 to S8 Tables S1 to S3 References (36-61) Data Files S1 and S2 Massive open online courses (MOOCs) are often characterized as remedies to educational disparities related to social class. Using data from 68 MOOCs offered by Harvard and MIT between 2012 and 2014, we found that course participants from the United States tended to live in more-affluent and better-educated neighborhoods than the average U.S. resident. Among those who did register for courses, students with greater socioeconomic resources were more likely to earn a certificate. Furthermore, these differences in MOOC access and completion were larger for adolescents and young adults, the traditional ages where people find on-ramps into science, technology, engineering, and mathematics (STEM) coursework and careers. Our findings raise concerns that MOOCs and similar approaches to online learning can exacerbate rather than reduce disparities in educational outcomes related to socioeconomic status. F or nearly a century, technologists have promised that new broadcast media will bridge resource gaps between students in more-and less-privileged environments. "With radio the underprivileged school becomes the privileged" was the promise in the 1930s (1); in the 1960s, boosters declared that television would "make available to these young people instruction of a higher order than they might otherwise receive" (2) . In the first years of the 2010s, technologists have heralded the possibility that massive open online courses (MOOCs) can "democratize education" (3) (4) (5) . Previous generations of broadcast and interactive technologies-film, radio, television, personal computers, Internet access, and Web 2.0 platforms-have yet to fulfill the promise of educational parity (6) , and these new claims from MOOC advocates warrant empirical study. In this study, we took advantage of the data collected from MOOC students about their demographics and course performancegenerally unavailable in studies of broadcast technologies-to present a portrait of registration and completion patterns in 68 courses offered by Harvard and MIT on the edX platform.
Our analytical framework was guided by Attewell's argument that the "digital divide," the gap in education technology opportunities between students from different backgrounds, is best understood as two divides: one of access and one of usage (7) . More-and less affluent students not only have different levels of basic access to emerging technologies; they have used them for different purposes with different levels of support from mentors. Historically, digital divides of usage have compounded digital divides of access. Surveys from the National Assessment of Educa-tional Progress in 1996 and 2011 showed that students from schools serving mostly affluent students were more likely to use computers for simulations or modeling; by contrast, students from schools serving low-income students were more likely to use computers for drill and practice exercises (8, 9) . Comparable patterns have been found across the sciences and other subject areas when comparing schools with similar computerstudent ratios serving students from different backgrounds (10) . Attewell found evidence of similar patterns of computer usage at home, where the academic benefits of home computers were greater for children from affluent families (11) .
These patterns extend into the era of free Web tools as well. Reich and colleagues examined the use of freely available wikis-platforms for collaborative Web publishing-in U.S. kindergarten to high school (K-12) schools in the late '00s (12) . They found that free wikis were more likely to be created in affluent schools, and in these schools, wikis were more likely to be used to support collaborative problem-solving and new media literacy. In schools serving low-income students, wikis were more likely to be used for teacher-centered content delivery. This research suggests a potential paradoxical effect of free online-learning resources: They can disproportionately benefit the affluent-people who have the social, financial, and technological capital to take advantage of new innovations, including those that are free.
The earliest research on MOOCs hints at similar kinds of patterns. The majority of registrants in MOOC courses already had a college or graduate degree, and some studies have found a positive, substantively modest correlation between a student's level of education and course completion (13) (14) (15) (16) . We built upon these studies with a much richer demographic portrait of students across a wider range of courses.
Socioeconomic status (SES) denotes one's social and financial resources, and it is typically viewed through a combination of measures (17) .
